The pronounced and persistent hypoferremia which accompanies infection, and the rapidity with which intravenously injected iron is removed when given in such cases (1), have led to the suggestion that the anemia of chronic infection results from a local iron deficiency in the bone marrow. Since the quantity of free protoporphyrin in the erythrocytes has been found increased in association with the anemia of infection, the possibility exists that this anemia is the consequence of deficient formation of hemoglobin resulting from a lack of iron. The studies to be described here were designed to test the validity of this hypothesis. Iron was infused continuously in patients with chronic infection in order to determine whether, by raising the iron level to the normal value, synthesis of hemoglobin could be induced. These observations have made it possible to study the rate and degree of diversion of iron from the plasma in infection. Several observations also have been made of the uptake of intravenously administered radioactive iron by the red cells of patients with acute and chronic infections. Evidence will be presented in this communication suggesting that while a rapid removal from the plasma of injected iron occurs in infection, another factor, rather than lack of iron, may be responsible for the development of anemia.
The pronounced and persistent hypoferremia which accompanies infection, and the rapidity with which intravenously injected iron is removed when given in such cases (1) , have led to the suggestion that the anemia of chronic infection results from a local iron deficiency in the bone marrow. Since the quantity of free protoporphyrin in the erythrocytes has been found increased in association with the anemia of infection, the possibility exists that this anemia is the consequence of deficient formation of hemoglobin resulting from a lack of iron. The studies to be described here were designed to test the validity of this hypothesis. Iron was infused continuously in patients with chronic infection in order to determine whether, by raising the iron level to the normal value, synthesis of hemoglobin could be induced. These observations have made it possible to study the rate and degree of diversion of iron from the plasma in infection. Several observations also have been made of the uptake of intravenously administered radioactive iron by the red cells of patients with acute and chronic infections. Evidence will be presented in this communication suggesting that while a rapid removal from the plasma of injected iron occurs in infection, another factor, rather than lack of iron, may be responsible for the development of anemia.
METHODS
Ferrous ascorbate was used for the continuous infusion studies. A (3) . The radioactive iron for the uptake studies was prepared according to the procedure described in the preceding paper (3) , but in patients pyrogen-free, water was used, and the final solution was heated at 70°C. for 3 hours.
The methods for preparing and electroplating Fe in the blood samples have been described elsewhere (4) . In these studies, blood volume has been estimated by assuming a value of 80 ml. per kgm. body weight (5) . A few determinations of hemin Fe have been made according to the technique described in the previous paper (3) .
Plasma iron was estimated according to the method of Kitzes, Elvehjem and Shuette (6) .
RESULTS

Diversion of intravenously injected iron:
In Figure 1 are presented the results of the continuous intravenous infusion of iron in patients with chronic infection and anemia. It will be seen that very great difficulty was experienced in maintaining an elevated plasma iron level in the presence of infection. In order to maintain the plasma concentration at the normal level, it was necessary to employ several times the quantity of iron that might have been expected on the basis of single intravenous injections of iron. When the quantity of iron infused per unit of time was doubled, the plasma iron level increased by much less than a factor of 2. On the other hand, it was relatively easy to produce a high plasma iron level in the iron-deficient patient shown in the same figure. It is known that the iron-deficient patient takes up iron rapidly for hemoglobin formation. Consequently the drain on the plasma iron in the pres-114 ence of infection must be considerably greater than that associated with increased hemoglobin synthesis following the administration of iron in iron deficiency anemia.
That the forced elevation of the plasma iron level did not produce increased hemopoiesis is shown by the results in the case of C. S. (Figure 2 ). Although this patient's iron level was maintained at approximately the normal value for as much as 72 hours, and enough iron was infused in the 2 attempts to form 31 and 80 grams of hemoglobin, respectively, little increase in reticulocytes occurred, and no significant increase in hemoglobin per 100 ml. of blood took place. Table I summarizes data presented in paper I of this series (1) on the rate of disappearance from the plasma of iron after a single intravenous injection. From these data it is possible to show that in both the normal subject and in the patient with infection, some mechanism acts to prevent the plasma iron level from rising to the expected values after the injection of iron. In the patient with KB In order to determine how rapidly the mechanism operating in infection can readjust to prevent a further rise in the plasma iron level, 3 injections of iron, 2 in a period of 1 hour, were given to a patient suffering from pneumonia. The results of this experiment are shown in Figure 3 . It will be observed that the rise obtained after the third injection was only slightly higher than that obtained after the second injection given 1 hour before. On the basis of the peak rise after the second injection it might be expected that the level following the third injection would have been 334 pg. iron per 100 ml. The observed rise was to 266 ug. per 100 ml. Apparently the mechanism preventing the rise in plasma iron is able to readjust itself quickly in infection.
The uptake of Fe59: Figure 4 nously injected Fe59 into the erythrocytes as hemoglobin iron in patients with various infections, and in normal subjects. The dose of Fe59 employed in these studies ranged between 3 and 4 mgm., depending on the body weight. These data suggest that the degree of impairment of the uptake of Fe59 appears to be roughly proportional to the severity of the infection. It will be noticed that while there was an initial delay in the uptake of Fe59 by the patients with infection as compared to the normal subjects, in some of the patients after the first few days the rate of uptake approximated that of normal subjects, and the labelled iron was utilized almost completely. An (1) . Yet approximately 100 per cent of the small dose of Fe59 which was given did enter his red cells. This was to be expected since, at a rate of hematopoiesis which maintains hemoglobin at 50 per cent of the normal, it can be calculated that about 12 mgm. of iron is being converted into hemoglobin in a man of average size (7) . Table II presents evidence that Fe59 appearing in the red cells after intravenous injection is present as hemoglobin iron. Hemin was isolated and its Fe59 content per mgm. of iron was compared with the Fe59 of the original blood per mgm. of hemoglobin iron. Such data have been presented for pigs in the preceding paper (3).
DISCUSSION
These observations indicate that in both normal subjects and in patients with infection, a mechanism operates which prevents the plasma iron level from increasing beyond certain limits. The major loss of injected iron occurs during the first few minutes when the rate of loss may be as much as 100 times as rapid as the loss in the ensuing hours. The initial loss of iron is approximately of the same absolute order of magnitude in both the normal subject and in the patient with infection, whereas the ensuing rate of loss is about twice as rapid in the presence of infection. This braking mechanism is so powerful that as more iron is given and, the level is raised by repeated injections or by continuous intravenous infusion of iron, it becomes increasingly difficult to maintain the plasma iron concentration. In a study of the use of intravenous iron tolerance curves for the differentiation of anemias, Waldenstr6m (8) likewise concluded that a braking mechanism exists which prevents the attainment of calculated peak plasma iron values.
In spite of the existence of such a mechanism, it was possible to raise the plasma iron level temporarily to normal values in anemic patients suffering from chronic infections; yet hemoglobinformation did not take place. The strongest argument against the hypothesis that iron is the limiting factor in the anemia of chronic infection is the fact that both intensive and prolonged therapy with iron, administered orally and intravenously, will not bring about increased hemoglobin formnation (1) . Actually, iron therapy has been given the most severe test of any employed thus far. Schaefer (9) (10) treated patients with tuberculosis with iron by mouth for several months at a time. These patients showed a greater and more constant rise in the serum iron than was observed in those given no iron, but the average change in hemoglobin before and after treatment was less than one per cent.
It cannot be maintained that a normal plasma iron level must exist before iron can be used for hematopoiesis, for in such a case, in the face of persistent hypoferremia, the anemia of infection should be progressive and ultimately should become very severe. Yet it is well known that the anemia tends to become fixed usually at a moderate and, often thereafter, at a rather stable level. Furthermore, in the presence of active hematopoiesis we have observed, like others (11) , that in pernicious anemia after liver therapy as well as in iron deficiency anemia, the plasma iron level tends to remain low until the anemia has wholly or largely disappeared. Very active hematopoiesis can, thus, take place when the plasma iron content is low. Finally, as has been shown here by the use of radioactive iron, if small amounts of iron are given they can be utilized for the formation of hemoglobin in spite of the existence of infection. That this should be found to be the case is to be expected, since otherwise no red corpuscles containing hemoglobin would be available to replace those which become worn out in the course of time.
As a consequence, it must be concluded that although diversion of iron from the plasma occurs in infection, the anemia itself does not result fronl a lack of iron. Some other factor may be deficient, or some enzyme system may be interfered with by some process associated with infection. In agreement with Br0chner-Mortensen and Stein (10) it appears that there is a lack of capacity on the part of the bone marrow to utilize iron for hemoglobin synthesis rather than unavailability of iron.
In spite of the evidence that the lack of iron does not cause the anemia, it is clear that in acute and chronic infection a very marked diversion of iron from the plasma occurs. The system taking up intravenously injected iron in infection apparently withdraws it from the plasma with more avidity than an iron-deficient subject uses iron for hemoglobin formation. The site of diversion of the iron is the subject of the paper which follows (12). 2. Considerably more iron was required to maintain a normal plasma iron level than would be expected from the results of a single intravenous in-jection of iron. The higher the plasma iron value desired, the more inefficient was the infusion.
3. In neither case did the infusion of iron result in increased hemoglobin formation. 4 . Calculations have been made suggesting that a braking mechanism exists which prevents the plasma iron from rising above a certain level. 5 . Evidence has been presented from radioactive iron studies and observations of the nature of the anemia, that some iron is capable of entering the erythrocytes as hemoglobin in the anemia of chronic infection.
6. Since even very intensive iron therapy is ineffective, it follows that iron is not the limiting factor in the production of the anemia, even though diversion of iron from the plasma does occur.
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